Segmentation is a mechanism that controls spatial assay that has previously been used to assess selective cell adhesion of cells derived from different rhombomeres organization along the anteroposterior axis of the neural tube and is particularly well characterized for [5] . properties of cells derived from midbrain and rhombomeres, we obtained a segregation ratio of 14% Ϯ anterior hindbrain and cell labeling in vivo directly 3.6% (n ϭ 111) (Figure 1a ). The different cell populations to monitor cell behavior at the midbrain/hindbrain within these aggregates appeared homogeneously mixed boundary. Interestingly, our data demonstrate that, (Figure 1b) . However, mixtures of cells derived from an in contrast to the rhombomeres, differential even-and an odd-numbered rhombomere resulted in a adhesion does not seem to operate between the segregation ratio of 67% Ϯ 8.6% (n ϭ 154) (Figure 1a ).
midbrain and anterior hindbrain and that cells move
Here, the cells from different rhombomeres of origin occubetween the two territories. We conclude that these pied separate domains within the aggregates ( Figure 1c ).
two subdivisions are not maintained by cell lineage Therefore, as previously reported [5] , cells from evenrestriction but by cells maintaining labile fates. numbered rhombomeres sort out from cells from oddnumbered rhombomeres, demonstrating that adjacent segments display and are separated by different cell affinities.
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Next, we analyzed the behavior of cells from the adjacent We then asked whether cell lineage restriction exists at the MHB in vivo. In the case of rhombomeres, it has been demonstrated that when a single cell is labeled early, before the appearance of interrhombomere boundaries, its
Results
In order to examine whether cells derived from the embrylabeled descendants frequently disperse into two neighboring rhombomeres. When labeled after the appearance onic midbrain and anterior hindbrain (rhombomere 1 [r1]) display differential adhesive properties or differential afof distinct boundaries, descendants of a labeled cell are confined within their rhombomere of origin [2] . Thus, finities, we employed an in vitro short-term reaggregation rhombomeres are developmental compartments sensu labeled cells by immunohistochemistry. Subsequently, the MHB regions were dissected out, flat-mounted, and stricto, i.e., they are polyclonal lineage restriction units.
analyzed. To examine cell mingling at the MHB, we performed cell labeling experiments at two different stages, HH11 Precursor cells were labeled at different anteroposterior distances from the MHB and in all cases analyzed (HH11, and HH13. At both stages, cells on one side of the molecular MHB or the other were iontophoretically labeled in ovo n ϭ 31; HH13, n ϭ 80); resulting clones spread out along the anteroposterior axis. Interestingly, we found that with a mixture of fluorochrome-coupled and biotinylated dextrans, and embryos were subsequently incubated for clones descended from precursors that were close to the molecular MHB dispersed either from midbrain into r1 ‫84-63ف‬ hr before harvesting (see Materials and methods). Unlike interrhombomeric boundaries, the MHB is not a (HH11, n ϭ 3/15; HH13, n ϭ 17/40) or from r1 into midbrain (HH1, n ϭ 4/16; HH13, n ϭ 19/40). In all cases morphologically distinct boundary but has been shown to coincide with and to be positioned by the interface of the where cells crossed the intervening molecular MHB, they did so irrespective of dorsoventral level (Figures 2a-d ). expression domains of two transcription factors, Otx2 and Gbx2 [4, [7] [8] [9] ; in chick, this interface is established by Therefore, consistent with our results from the in vitro reaggregation assays, these two neural subdivisions appear HH10 [10, 11] . In order to analyze the relationship between the labeled cell descendants and the MHB, in not to be maintained by cell lineage restriction, and cells are not only capable of intermixture but normally do cross situ hybridization for Otx2 was performed to visualize the boundary, followed by the detection of the dextranfrom midbrain into hindbrain and vice versa. We now show that the MHB does not represent a compartment boundary and that, at least to a certain extent, cell mingling does occur across it, most likely facilitated by the lack of detectable differential adhesive properties displayed by cells derived from these adjacent subdivisions. Therefore, these two subdivisions are not separated and maintained by cell lineage restriction.
Not only is the MHB the interface between two major neural subdivisions, but the isthmic region is also an important signaling center that directs the patterning of the midbrain and anteriormost hindbrain [15] . The AP position of the signaling center is set by the sharp interface between the midbrain expression domain of Otx2 and the hindbrain domain of Gbx2 [4, 8, 9] . This molecular MHB is directly overlain and flanked by the ring-shaped expres- the switch of gene expression across the MHB. Embryos of the naturally occurring Wnt1 mutant swaying fail to establish a straight caudal limit of Otx2 expression, and cells ectopically expressing Otx2 are found in r1 [19] . Our data now suggest that this phenotype most likely results
Discussion
from a failure to downregulate Otx2 expression in normally Segmentation is an important mechanism involved in patmigrating cells rather than from aberrant cell mixing due terning the neural tube. By allocating and restricting sets to changes in the adhesive properties of cells in the isthmic of precursor cells to particular segments, axial-specific area. Our results are consistent with recent grafting studies neural structures can develop under the influence of genes
[20] where Otx2-expressing rostral neuroepithelium transexpressed in segment-specific patterns, as exemplified planted into the MHB region was found to lose Otx2 by the vertebrate hindbrain [1] . The mechanism of cell expression and acquire Gbx2 expression. lineage restriction at interrhombomere interfaces involves differential cell affinity [5] mediated by Eph/ephrin signaling [12, 13] . A restriction to cell mixing is also thought
The cellular and molecular basis of the development in to exist between putative neuromeres in the forebrain the MHB region is reminiscent of the situation described [14] . The possibility that cell lineages are also restricted for the subdivision of the anterior compartment of the at the boundary between midbrain and hindbrain has not leg imaginal disc in Drosophila [21] . Like midbrain and anterior hindbrain, dorsal and ventral subdivisions of the previously been examined. to touch the ventricular surface in the MHB region, using the isthmic constriction as a landmark (the MHB being located slightly anterior to it). After touching the ventricular surface with the pipette, the electrical circuit was closed for ‫5.0ف‬ min, resulting in the labeling of 1-2 (contiguous) cells, as confirmed by visualizing the fluorescent label. Eggs were sealed and incubated for 36-48 hr before fixation in PFA.
